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BACKGROUND
Moisture transport in cementitious materials is well known
to be anomalous [1, 2] in so much as it does not evolve
with t0.5 dependency. Time dependent cement
microstructure has been observed by Gajewicz et al [3] and
Maruyama et al [4] during de/sorption using NMR
relaxometry. This project aims to better understand links
between sorption, microstructure and transport using high
spatio-temporal resolution GARField MRI. The obtained
data is fitted to a new transport model with a time
dependent transport coefficient.
METHOD and NEW MODEL
MRI: NMR in a strong magnetic field gradient, 9.16 Tm-1,
enables measuring water in cement nanopores with high
spatial resolution (20 - 50 µm). In a CPMG-like experiment,
signal frequency gives depth below sample surface,
intensity gives water content and T2 relaxation time gives
pore size.
Model: Our model reworks the standard diffusion /
sorption equation to make the transport coefficient a
function of porosity fraction,  , itself a function of time
rather than moisture content, c.
The porosity is continually and slowly relaxing towards a
water content dependent equilibrium:
The figure shows a schematic of the ideas.
PRELIMINARY RESULTS
Sorption: The figure (left) shows the evolution of water in
gel pores and hydrate interlayer spaces at a depth of 1 mm
in a dried cement sample exposed to water at the surface.
The data point at negative root time is as dried, before
adding water. The figure (right) is a model simulation.
Desorption: The figures below are similar to above but for
the case of drying a saturated sample in a low RH
environment (silica gel) at a depth of 0.4 mm.
Isopropanol sorption:
Anomalous transport is not
expected for most organic
solvents as seen here for the
case of isopropanol ingress.
Discussion: For de/sorption, the total evaporable water
content changes with time as expected. However, there is
significant “structure” in the time dependence of the water
in the separated pore size components that the model
broadly captures. Isopropanol shows that this is not a
measurement artefact.
CONCLUSIONS AND OUTLOOK
The preliminary results provide a strong indication that the
model is able to link transport and dynamic changes in
microstructure linked to de/sorption. Future work will look
to better parametrise the model and also to compare first
and second cycle de/sorption.
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